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(57) Abstract 

A method of paging a mobile station (MS) to establish a 
packet-switched connection in a mobile telephone network that sup- 
ports a circuit-switched connection and a packet-switched connection. 
To establish a mob ile-terminated circuit-s witc hed connection, the mo- 
bi1e* tf-'Sp'»"c' n«*wM'ir ppnHg^thft rpot nie station a pape request ^ as a 
rffgrrjt ftf «zhi£sh.t^_nirkM|fi st ation switches to standby mode for a c ir- 
c uit-switched ^ conne ction. To save the batteries and to reduce the need 
of process ing^uie mobile station listens only to the paging channels 
of the circuit-switched connection. T o establish a mobile-terminated 
packet-swite fred connection, the mobile telephone network sends the 
mobile station a page request via a circuit-switched connection an d 
s ubsequently sends the mobile station the additional information com- 
manding the mobile sta tion to swi tch to a packet-switched connection . 
After detecting the additional information, the mobile station switches 
to the packet-switched connection. 
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PAGING OF MOBILE SUBSCRIBER TO ESTABLISH PACKET-SWITCHED 
CONNECTION 

BACKGROUND OF INVENTION 

The invention relates to a mechanism for establishing a call, more 
5 particularly to a mechanism for paging a mobile station supporting a circuit- 
switched and a packet-switched connection in order to establish a packet- 
switched connection. The invention also relates to a mobile telephone network 
and to a mobile station. 

Mobile systems have been developed because it has been 

10 necessary to be able to reach people even when they are not close to a fixed 
telephone terminal. The use of different data transmission services in offices 
has increased, and different data services have been simultaneously 
introduced into mobile systems. Portable computers allow efficient data 
processing wherever the user is. Mobile networks, in turn, offer the user an 

15 efficient access network for mobile data transmission, the access network 
providing access to actual data networks. Because of this, different new data 
services are being designed for present and future mobile networks. Mobile 
data transmission is particularly well supported by digital mobile systems, such 
as the Pan-European mobile system GSM (G lobal System for Mobile 

20 Communication). 

A General Packet Radio Service (GPRS) is a new service_ in,tha 
GSM, It is one of the items that is being standardized in GSM phase 2+ in the 
ETSI (European Telecommunication Standard Institute). The GPRS 
operational environment consists of one or more sub-network service areas 

25 that are interconnected using a GPRS backbone network. A sub-network 
comprises a number of packet data service nodes, which are here called 
GPRS sup port nod es (or agents) and each one of which is connected to the 
GSM mobile network so that it can provide packet data service for mobile data 
terminals via several base stations, i.e. cells. An intermediate mobile network 

30 provides circuit-switched or packet-switched data transmission between a 
support node and the mobile data terminals. Different sub-networks, in turn, 
are connected to an external data network, for example to a Public Switched 
Packet Data Network PSPDN. The GPRS service can thus be used for 
effecting packet data transmission between mobile data terminals and external 

35 data networks, when the GSM network functions as an access network. One 
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feature of the GPRS service network is that it operates almost independently 
of the GSM network. One of the requirements set for the GPRS service is that 
it must operate together with different types of external PSPDN networks, such 
as the l nternet _a nd X.25 n etworks. In other words, the GPRS service and the 
5 GSM network should be able to serve all users, irrespective of the type of data 
networks that they wish to be connected to via the GSM network. This means 
that the GSM network and GPRS service must support and process different 
network addressing methods and data packet formats. The data packet 
processing also comprises routing of the packets in a packet radio network. In 
10 addition, the users should be able to roam from their home GPRS network to a 
visited GPRS network. 

With reference to fig. 1, we shall now describe a typical 
arrangement in a GPRS network. It should be understood that the architecture 
of the GPRS systems is not as advanced as that of the GSM systems. AH 
15 GPRS terms should therefore be understood as being descriptive terms rather 
than limiting ones. A typical mobile station forming a mobile data terminal 
consists of a mobile station MS of a mobile network and of a portable 
computer PC connected to the data interface of the MS. The mobile station 
can be, for example, a Nokia 2110, manufactured by Nokia Mobile Phones 
20 Ltd., Finland. By means of a PCMCIA type Nokia Cellular Datacard, 
manufactured by Nokia Mobile Phones Ltd., the mobile station can be 
connected to any portable personal computer PC whatsoever that has a 
PCMCIA card slot. The PCMCIA card thus provides the PC with an access 
point that supports the protocol of the telecommunications application used in 
25 the PC, such as the CCITT X.25 or Internet Protocol IP. Alternatively, the 
mobile station can directly provide an access point that supports the protocol 
used by the PC application. Further, a mobile station 3 and a PC 4 can also be 
integrated to form a single unit, within which the application is provided with an 
access point that supports the protocol used by it. An example for such a 
30 mobile station with an integrated computer is a Nokia Communicator 9000, 
manufactured by Nokia Mobile Phones Ltd., Finland. 

Network elements BSC and MSC are previously known from a 
typical GSM network. The arrangement of fig. 1 comprises a separate Serving 
GPRS Support Node SGSN. The support node controls certain operations of 
35 the packet radio service on the network side. The operations include the 

logging on and off the system by the mobile stations MS, updating of the I 

i' 
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routing areas of the mobile stations MS, and routing of the data packets to 
correct destinations. In the present application, the term 'data* should be 
understood in the wide sense to mean any information whatsoever transmitted 
in a digital telecommunications system. The information can comprise speech 
5 encoded into digital form, data communication between computers, telefax 
data, short segments of program code, etc. The SGSN node can be located at 
a base station BTS, at a base station controller BSC or at a mobile switching 
centre MSC, or it can be separate from all these elements. The interface 
between the SGSN node and the base station controller BSC is called a GB 

10 interface. An area managed by one base station controller BSC is called a 
Base Station Subsystem BSS. 

The intermediate mobile network provides packet-switched data 
transmission between a support node and mobile data terminal equipment. 
Different sub-networks, in turn, are connected to an external data network, for 

15 example to a PSPDN, via specific Gateway GPRS Support Nodes GGSN. 
Packet data transmission between mobile data terminals and external data 
networks is thus effected by means of the GPRS service, while the GSM 
network functions as an access network. Alternatively, the gateway node 
GGSN can be replaced with a router. In the following, the term 'gateway node 

20 GGSN 1 is also to be understood as referring to a structure in which the 
gateway has been replaced with a router. 

In fig. 1 the GPRS network connected to the GSM network 
comprises a number of serving GPRS support nodes and one gateway GPRS 
support node GGSN. The different support nodes SGSN and GGSN are 

25 interconnected via an intra-operator backbone network. It is to be understood 
that a GPRS network can comprise any number of support nodes SGSN and 
gateway nodes GGSN. 

Each support node SGSN manages a packet data service in the 
area of one or more nodes in a cellular packet radio network. To achieve this, 

30 each support node SGSN is connected to a certain local of the GSM system, 
typically to a mobile services switching centre, but in some situations it may be 
preferable to connect it directly to a base station subsystem BSS, i.e. to a 
base station controller BSC or a base station BTS. A mobile station MS in a 
cell communicates with a base station BTS over a radio interface and further 

35 through a mobile network with the support node SGSN to the service area of 

which the cell belongs. In principle, the mobile network between the support j 
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node SGSN and the mobile station MS only transmits packets between these 
two. For this purpose, the mobile network can offer either a circuit-switched 
connection or packet-switched data packet transmission between a mobile 
station MS and a serving support node SGSN. An example for a circuit- 
5 switched connection between a mobile station MS and an agent is presented 
in Finnish Patent Application 934 115. An example for packet-switched data 
transmission between a mobile station MS and an agent is presented in 
Finnish Patent Application 940 314. It should be noted, however, that a mobile 
network provides only a physical connection between a mobile station MS and 

10 a support node SGSN, and that its exact operation and structure are not 
relevant to the present invention. 

An intra-operator backbone network 11 interconnecting the 
operator's SGSN and GGSN can be implemented, for example, using a local 
area network. It should be noted that it is also possible to implement the 

15 operators GPRS network without an intra-operator backbone network, for 
example, by implementing all the features in a single computer, but this does 
not cause any changes in the call set-up principles according to the present 
invention. 

A gateway GPRS node GGSN connects the operator's GPRS 
20 network to the other operators' GPRS systems and to data networks, such as 
an inter-operator backbone network 12 or an IP network. An Interworking 
Function IWF can be arranged between the gateway node GGSN and the 
other networks, but usually the GGSN is simultaneously the IWF. The inter- 
operator backbone network 12 is one through which the gateway nodes 
25 GGSN of different operators can communicate with one another. The 
communication is needed to support the GPRS roaming between the different 
GPRS networks. 

The gatewa y node GGSN is also used to store the locati on 
i nformation n f the GPRS m o bile station s. The GGSN also routes mobile- 5fo>^ 

30 terminated (MT) data packets. The GGSN also contains a database tha t 

ass ociates the mobile station's network address, for example in an IP netwo rk ^b/adJr 
o r an X.25 network (or simultaneously in more than one network), and the 
mobi le station identifie r in a GPRS -network. When the mobile station roams 
from one cell to another within the area of one support node SGSN, location 

35 updating is needed only in the support node SGSN, and the gateway node 
GGSN need not be informed of the change of location. When the mobile 
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station roams from a cell of one support node SGSN to a cell of another SGSN 
within the area of the same or a different operator, location updating is also 
performed in the (home) gateway node GGSN so as to store the identifier of 
the new, visited support node and the identifier of the mobile station. 
5 A GPRS register GR is used to authenticate subscribers at the 

beginning of a GPRS session. It contains a definition between a subscriber's 
PDP (Packet Data Protocol) address/addresses and the subscriber's IMSI 
(International Mobile Subscriber Identity). In a GSM network a subscriber is 
identified on the basis of the IMSI. The GR can be a separate register, or 

10 preferably it can be integrated with the home location register HLR of the 
mobile system. In the figure the HLR/GR is connected through an SS7 
(Signalling System 7), for example to a mobile switching centre MSC and an 
intra-operator backbone network. Between the SS7 signalling system and the 
intra-operator backbone network there can be a direct connection or an SS7 

15 gateway. In principle, the HLR/GR can exchange packet-switched messages 
with any GPRS node whatsoever. The HLR/GR's method of communication 
and its connection to the GPRS network are not, however, essential to the 
invention. For example, a direct connection to a node is possible, or the GR 
can be a node of the GPRS network. 

20 In the above arrangement, packet-switched data (in short: packet 

data) can be transmitted to a mobile station over an air interface, when the 
mobile station, controlled by the network, ha s first been directed to a correct 
kind of channel, i.e. to a packet data transmission channel. A mobile station 
that supports packet data transmission can either be suited only to the 

25 transmission and reception of packet data ('GPRS only') or also to the 
transmission of conventional circuit-switched speech and other services 
('multi-function terminal*). 

A 'GPRS only' mobile station can be in one of three different modes 
in the sense of the present application: a ready, a standby or an idle mode. A 

30 mobile station in the ready mode is connected to a data transmission channel 
and is ready to transmit and/or receive data packets. A mobile station in the 
st andby mode listen s to a packet data paging channel, and after recei ving its 
pagin g identifier the mobile station switches to the ready mode. A mobile 
station in the idle mode does not support transmission nor reception of packet 

35 data. 
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A multi-function terminal operates in the ready and standby modes 
in the same was as the 'GPRS only* terminal, but in the idle mode it supports 
conventional circuit-switched services. 

When packet data is sent to a mobile station, the data will be routed 

5 to the correct GSM network by routing it via the gateway node GGSN to the 
support node SGSN in which the location of the mobile station is known. If the 
mobile station is in the standby mode, its location is known with the accuracy 
of a Routing Area RA. Correspondingly, if the mobile station is in the ready 
mode, its location is known with the accuracy of a cell. 

10 A problem in the above arrangement is that when a multi-function 

terminal is in the idle mode, i.e. when it listens to a paging channel associated 
with only circuit-switched sen/ices, such as a speech service, a mobile- 
terminated packet-switched connection cannot be established until the mobile 
station has connected to a channel that supports packet data. The mobile 

15 stations are usually designed to listen to only one paging channel at a time 
(e.g. to prolong the life of the batteries), and the channel is usually a speech 
service paging channel. The mobile station will not connect to a channel 
allocated for packet data transmission until necessary. Due to the nature of 
packet data, the establishment of a packet data connection is quite separate 

20 from the establishment of a circuit-switched connection. 

BRIEF DESCRIPTION OF INVENTION 

It is an object of the invention to provide a method and equipment 
implementing the method, eliminating the above problems. In particular, the 
object is to provide a mechanism combining two different mutually 

25 independent data transmission mechanisms, i.e. a circuit-switched connection 
and a packet-switched connection. The objects of the invention are achieved 
by a method and a system which are characterized by what is stated in the 
independent claims. The preferred embodiments of the invention are claimed 
in the dependent claims. 

30 The invention is based on the idea that the mechanism used to 

establish a circuit-switched connection is supplemented with additional 
information commanding the mobile station to switch to a packet-switched 
connection. This simple, general solution poses another problem. The problem 
is how the mobile services switching centre in whose area the mobile station is 

35 roaming can be made to transmit a page provided with the additional 
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information according to the invention. The page notifies the mobile station 
that it is to switch to standby mode for a packet data connection. Different 
ways of solving the above problem will be described below in connection with 
Figs. 2 to 5. 

It is an advantage of the method and arrangement of the invention 
that they are compatible with previously used paging mechanisms. 
Conventional mobile stations (e.g. GSM phones) do not regard additional 
information* that they do not understand as interference. The invention does 
not shorten the life of the batteries, since the mobile station still listens to only 
one paging channel. 

BRIEF DESCRIPTION OF FIGURES 

In the following the invention will be described in greater detail by 
means of preferred embodiments and with reference to the attached drawings, 
in which 

Fig. 1 illustrates the parts of the mobile system that are relevant to 
the present invention, and 

Figs. 2 to 5 illustrate different embodiments of a call set-up 
mechanism according to the invention. 

DETAILED DESCRIPTION OF INVENTION 

With reference to Fig. 2, we shall now describe an embodiment of a 
call set-up mechanism according to the invention. In step 2-1 a gateway node 
GGSN detects that packet data is being supplied to a mobile station. The 
gateway node GGSN knows the identifiers of the mobile station for both a 
packet-switched and a circuit-switched connection (e.g. a GPRS identifier and 
an ISDN number). T he GGSN establishes a call via a Public Switched 
Telephone Net work PSTN to a GSM type ho me network of the mobile station, 
OsTng^ttTeTSDKT number of the mobile station. In the GSM network the 
incoming call event is 'processed in the same~way as any other incoming call. 
In step 2-2 /subscriber information is inquired of the home location register 
HLR, and in step 2-3 the HLR inquires the subscriber's location of the visitor 
location register VLR. In step 2-4 the subscriber's location is transmitted to a 
gateway MSC, i.e. GMSC. In step 2-5 the JSMSC gg nHQ a r ^\\ a^fr-up r^qn^t 
to a visited MSC, i.e. VMSC, which in step 2-6 forwards the call set-up request 
to a base station system BSS. 



WO 99/17579 



PCT/FI98/00768 



8 



The messages sent in steps 2-1 to 2-6 include the additional 
information according to the invention forwarded by the GMSC to the VMSC. 
The VMSC interprets the additional information to mean that a packet- 
switched call is being supplied to the mobile station, and the VMSC therefore 
transmits vi a the base station system BSS to the mobile station MS a pa ge 
can be otherwise con ventional but comprise additional information tha t 
ccnTTffi ands the multi-function terminal to switch to standby mode fo r a pacfcet- 
s witched connection . When the VMSC has sent the page, it releases the 
connection backward toward the GGSN in accordance with the prior art. 
10 With reference to Fig. 3, we shall now describe an alternative call 

set-up mechanism. Step 3-1 corresponds to step 2-1 described in connection 
with Fig. 2. In step 2-2 the GMSC processes the incoming call event and 
detects the additional information contained in the call set-up request. The 
GMSC requests the home location register HLR for the roaming number 
15 MSRN of the mobile station, and in step 3-3 the HLR inquires the same of the 
vi sitor location register VLR, but these messages include the addj tional 
infor mation according to the invention. In step 3-4 the VMSC forwards the call 
set-up request to t he base station system BSS. The ^additional information 
accordin g to the invention included in this message contains a command for 
20 the multi-function terminal to switch to standby mode for a pacKSt=switched 
connection in the same way as in step 2-6 or Fig. z. 

In an alternative embodiment, the call in steps 2-1 and 3-1 is not 
started in the GGSN but in the SGSN. 

Fig. 4 illustrates an alternative call set-up mechanism. In step 4-1 
25 the GGSN detects that packet data is being supplied to the mobile station. The 
GGSN knows the identifiers of the mobile station both for a packet-switched 
and for a circuit-switched connection (e.g. a GPRS identifier and an ISDN 
number). The GGSN sends the home location register HLR an MAP message 
transmitted in conventional call establishment from the GMSC. In other words, 
30 it requests for a roaming number from the HLR using the normal set-up 
procedure for an incoming call. In step 4-2 the HLR inquires the same of the 
VLR. These messages include the additional information according to the 
invention. When the visitor location register VLR receives the additional 
information from the HLR, it supplements the page request sent by the VMSC 
35 in step 4-3 with the additional information according to the invention, the 
information commanding the multi-function terminal to switch to standby mode. 
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In an alternative embodiment, the procedure begins in the GGSN rather than 
in the SGSN. 

Fig. 5 illustrates another alternative call set-up mechanism. In step 
5-1 the GGSN detects that packet data is being supplied to the mobile station. 
5 The GGSN knows the identifiers of the mobile station both for a packet- 
switched and for a circuit-switched connection (e.g. a GPRS identifier and an 
ISDN number). The GGSN sends the Short Message Service j Centre SMSC a 
notification indicating that a short message that contains a command to switch 
to standby mode should be transmitted to the multi-function terminal. In step 5- 

10 2 the short message service centre sends a short message to a mobile 
services switching centre MSC in a manner known per se, and in step 5-3 the 
MSC sends the message to the base station system BSS and further to the 
mobile station MS. In response to the short message, the mobile station 
switches to standby mode. 

1 5 The additional information commanding the mobile station to switch 

to a packet-switched connection can be transmitted even before the switch to 
a speech mode on a known paging channel provided with the additional 
information. Alternatively, the additional information can be transmitted during 
the speech connection on a paging channel known per se. Particularly suitable 

20 paging channels are FACCH and SACCH channels. 

The invention provides a relatively simple mechanism for switching 
a multi-function mobile station (supporting both circuit-switched and packet- 
switched connections) to standby mode for a packet-switched connection. The 
invention does not shorten the life of the mobile station batteries as compared 

25 with a known single-function mobile station. Further, the invention does not 
require that the multi-function terminal should have a parallel processing 
capacity (be able to listen to two channels simultaneously). The invention can 
be implemented using known equipment, by changing or supplementing the 
software. 

30 It will be obvious to those skilled in the art that with the introduction 

of technical advances, the basic idea can be implemented in many different 
ways. The invention and its embodiments are thus not limited to the above 
examples but can vary within the scope of the claims. 



WO 99/17579 



PCT/FI98/00768 



10 

CLAIMS 

1. A method of paging a mobile station to establish a packet- 
switched connection in a mobile telephone network that supports a circuit- 
switched connection and a packet-switched connection, in which method: 

5 to establish a mobile-terminated circuit-switched connection, the 

mobile telephone network sends the mobile station a page request, and 

in response to said page request, the mobile station switches to 
standby mode for a circuit-switched connection, 
characterized in that 
10 the mobile station listens only to the paging channels of the circuit- 

switched connection, 

to establish a mobile-terminated packet-switched connection, the 
mobile telephone network sends the mobile station a page request via the 
circuit-switched connection and subsequently sends the rr^hiig stati on 

1 5 addition — inform ation commanding — it to swi tr.h to p partrot - gurito hgH 

connection , and 

i n response to the additional information, the mobile sta tion 
s witches to the packet-switched connection . 

2. A method as claimed in claim 1, characterized in that 
20 the page request is sent as follows: 

a node (GGSN, SGSN) knowing the identifiers of the mobile station 
for both a packet-switched and a circuit-switched connection is formed, 

injgs jponse to said node (GGSN T SGSN) detecting that packetjata 
is being supplied to the mobile station, the node establishes a call via a pub lic 
25 s witched telephone network (PSTN) an<Ta~qatewav MSC (GMSC) tfvt hejTr^^ 
net work of said mobile station us ing t he ISDN number of the mobile station, 

in the home network of the mobile station, information on the mobile 
station is requested from a home location register (HLR), which in turn inquires 
the mobile station's location of a visitor location register (VLR), 
30 the location is forwarded via the gateway MSC (GMSC) and the 

public switched telephone network (PSTN) to a visited MSC (VMSC), which 
sends a call set-up request to the base station system (BSS). 

3. A method as claimed in claim 1, characterized in that 
the page request is sent as follows: 
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a node (GGSN, SGSN) knowing the identifiers of the mobile station 
for both a packet-switched and a circuit-switched connection is formed, 

in response to said node (GGSN, SGSN) detecting that packet data 
is being supplied to the mobile station, the node establishes a call via a public 
5 switched telephone network (PSTN) and a gateway MSC (GMSC) to the home 
network of said mobile station using the ISDN number of the mobile station, 

in response to said gateway MSC (GMSC) detecting the additional 
information contained in the call set-up request, the gateway MSC (GMSC) 
inquires the mobile station's roaming number of the home location register 
10 (HLR) and in response to the inquiry the home location register (HLR) inquires 
the same of the visitor location register (VLR), 

in response to the roaming number inquiry addressed to the visitor 
location register (VLR), the MSC (VMSC) with which said visitor location 
register (VLR) is associated sends a call set-up request to the base station 
15 system (BSS). 

4. A method as claimed in claim 1, characterized in that 
the page request is sent as follows: 

a node (GGSN, SGSN) knowing the identifiers of the mobile station 
for both a packet-switched and a circuit-switched connection is formed, 
20 in response to said node (GGSN, SGSN) detecting that packet data 

is being supplied to the mobile station, the node establishes a call via a public 
switched telephone network (PSTN) and a gateway MSC (GMSC) to the home 
network of said mobile station using the ISDN number of the mobile station, 

in response to said gateway MSC (GMSC) detecting the additional 
25 information contained in the call set-up request, the gateway MSC sends a 
short message service centre (SMSC) a message indicating that a short 
message containing a command to switch to standby mode should be sent to 
the mobile station, 

in response to the message sent by the gateway MSC (GMSC), the 
30 short message service centre sends a short message via the MSC and the 
base station system (BSS) to the mobile station (MS), and 

in response to said short message, the mobile station (MS) 
switches to standby mode for a packet-switched connection. 

5. A method as claimed in any one of claims 1 to 4, charac- 
35 t e r i z e d in that said additional information is sent to the mobile station on a 

paging channel known per se. 
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6. A method as claimed in any one of claims 1 to 4, charac- 
terized in that said additional information is sent during an on-going call 
on a paging channel known per se, preferably on a FACCH or SACCH 
channel. 

5 7. An arrangement for paging a mobile station (MS) to establish a 

packet-switched connection in a mobile telephone network that supports a 
circuit-switched connection and a packet-switched connection, in which 
method: 

the mobile telephone network is arranged to send the mobile station 
10 a page request to establish a mobile-terminated circuit-switched connection, 
and 

in response to said page request, the mobile station is arranged to 
switch to standby mode for a circuit-switched connection, 

characterized in that to establish a mobile-terminated 
1 5 packet-switched connection, 

the mobile station (MS) is arranged to listen to paging channels only 
on the circuit-switched connection, 

the mobile telephone network is arranged to send the mobile station 
(MS) a page request via the circuit-switched connection and to send the 
20 additional information to the mobile station, and 

the mobile station (MS) is arranged to switch to a packet-switched 
connection in response to said additional information. 

8. A mobile telephone network that supports a circuit-switched 
connection and a packet-switched connection and is arranged to send the 

25 mobile station a page request to establish a mobile-terminated circuit-switched 
connection, characterized in that the mobile telephone network is 
arranged to 

send the mobile station a page request via the circuit-switched 
connection to establish the mobile-terminated packet-switched connection, 
30 and 

send the mobile station the additional information to switch the 
mobile station to the packet-switched connection. 

9. A mobile station (MS) that supports a circuit-switched connection 

and a packet-switched connection, a paging channel for paging a mobile ; 
35 station being associated at least with the circuit-switched connection, j 
characterized in that the mobile station is arranged to 

r 

( 
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listen only to the paging channels of the circuit-switched connection, 
monitor additional information sent on said circuit-switched 
connection, and 

switch to the packet-switched connection in response to said 
additional information. 



WO 99/17579 



PCT/FI98/00768 




WO 99/17579 



PCT/FI98/00768 





WO 99/17579 



PCT/FI98/00768 



3/3 



Fk. 4 



HGSN 



4-1 



HLR 



4-2 



MSC 




4-3 


> 


r 


BSS 



VLR 



HGSN 



5-1 



SMSC 




5-2 




f 


MSC 




5-3 


> 


r 


BSS 



VLR 



